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The influence of tetracyclines on T cell activation
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SUMMARY

Minocycline has been shown to have an anti-inflammatory effect in patients with rheumatoid
arthritis (RA). Since there is evidence that RA is a T cell-mediated disease, we investigated the
effect of minocycline on human T cell clones derived from the synovium of an RA patient. The T
cells, when activated via the T cell receptor (TCR)/CD3 complex, were suppressed functionally by
minocycline, resulting in a dose-dependent inhibition of T cell proliferation and reduction in
production of IL-2, interferon-gamma (IFN--y) and tumour necrosis factor-alpha (TNF-ca).
Besides an inhibition of IL-2 production, minocycline exerted its effect on T cell proliferation
by induction of a decreased IL-2 responsiveness. We showed that the chelating capacity of
minocycline plays a crucial role in the inhibitory effect on T cell function, since the inhibitory effect
on T cell proliferation could be annulled by addition of exogenous Ca2+. However, minocycline
did not markedly influence the typical TCR/CD3-induced intracellular Ca2+ mobilization. Taken
together, the results clearly indicate that minocycline has immunomodulating effects on human T
cells.
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INTRODUCTION

Tetracyclines are reported to have an ameliorative effect in
arthritis in animals. Minocycline, a tetracycline derivative,
decreased the incidence and severity in the collagen and adju-
vant models of chronic arthritis in rats [1]. Additionally CMT,
a chemically modified tetracycline without antibacterial activ-
ity, in combination with a non-steroidal anti-inflammatory
drug, prevented bone loss in rats with adjuvant arthritis [2].
Rheumatoid arthritis (RA) is a chronic joint disease in man.

In the pathogenesis of RA, T cells are held responsible for the
initiation and perpetuation of ongoing synovial inflammation
(for review, see [2]), which may lead to cartilage and joint
destruction brought about by enzymes, especially matrix metal-
loproteinases.
Two open clinical studies have suggested a beneficial effect of

minocycline in patients with RA [4,5]. In a double-blind
placebo-controlled trial minocycline suppressed the laboratory
parameters of disease activity, especially the acute-phase reac-
tants, although the effects on clinical signs and symptoms were
less pronounced [6].

Tetracyclines are predominantly known for their antimicro-
bial features. However, two other properties of minocycline
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should be considered to account for the observed phenomena in
patients treated with minocycline: tetracyclines inhibit the
activity of matrix metalloproteinases [7], and are immunomo-
dulatory. In animals, tetracyclines have been shown to suppress
the DTH, the rejection of transplants [8-1 1] and levels ofserum
immunoglobulin [9,12]. Furthermore, in vitro tetracyclines
inhibited the proliferative response of human peripheral
blood mononuclear cells (PBMC) to mitogens [13-16].
We studied the effect of minocycline on T cell activation, in

particular in T cell clones derived from a patient with RA. In
the present study, the T cells were activated by triggering the T
cell receptor (TCR)/CD3 complex, which results in the genera-
tion of the second messengers inositol 1,4,5-trisphosphate (1P3)
and diacylglycerol (DAG). Subsequently, IP3 induces a rapid
rise of intracellular free calcium ([Ca2 + ]i), whereas DAG
activates protein kinase C, which together lead to the synthesis
of IL-2, an autocrine growth factor of T cell proliferation. The
effect of minocycline on several aspects ofT cell activation were
studied in more detail.

MATERIALS AND METHODS

Reagents
Minocycline HCl, kindly provided by D. G. Lederle (Etten-
Leur, The Netherlands), and doxycycline HCl, kindly provided
by Pfizer (Capelle a/d IJssel, The Netherlands) were obtained in
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powder form. Minocycline HCl was dissolved in culture
medium (Iscove's modified Dulbecco's medium (IMDM;
GIBCO, Grand Island, NY) supplemented with antibiotics
(penicillin 100 U/ml, streptomycin 100 ,ug/ml; Boehringer
Mannheim, Mannheim, Germany), and fetal calf serum

(FCS, 10%; GIBco)) at a concentration of 100 ,g/ml. Doxycy-
cline HC1 was dissolved in 0-02 N HCl at a concentration of
1 mg/ml and further diluted in culture medium. The antibiotic
solutions were freshly prepared on the day of use and diluted to
the appropriate concentrations. The concentrations used in the
experiments ranged from 0-8 to 50 pg/ml. Anti-CD3 MoAbs
(OKT3) were obtained from Cilag (Herenthals, Belgium).
Recombinant (r) IL-2 was obtained from Cetus (Gouda, The
Netherlands). Indo-1/AM was obtained from Molecular
Probes (Junction City, OR).

Cell cultures
T cell clones (two CD4+ (N16, N18) and one CD8+ (N17))
were derived from the synovium of a patient with rheumatoid
factor-positive classical RA. The cloning procedure has been
described in detail [17]. In short, fragments of synovial tissue
were placed in 24-well tissue culture plates (Costar 3524; Cam-
bridge, MA) in culture medium and 5% v/v T cell growth factor
(TCGF). After approximately 1 week, growing cells were sepa-

rated from the tissue fragments and cloned by limiting dilution
in a feeder cell mixture consisting of irradiated (30 Gy) allo-
geneic PBMC (106/ml), OKT3 ascites (10-5 dilution), and 5%
v/v TCGF. Clones were expanded and restimulated every 7
days with a feeder cell mixture. In between the clones were

maintained in culture in the presence of 5% v/v TCGF.

Proliferation experiments
Overnight 96-well tissue culture plates (Greiner, Alphen a/d
Rijn, The Netherlands) were coated at room temperature with
anti-CD3 MoAb (0-1 ,ug/ml; 0-1 ml/well) diluted in PBS.
Before use the plates were washed three times with PBS.
Cloned T cells were washed free of TCGF and plated at a

concentration of 2 x 105 cells/well. The cells were incubated in
the presence or absence of the drug for 48 h at 370C, 5% CO2.
Twenty-four hours after initiation of the experiment, 3H-thy-
midine (20,uCi/ml; 0 05 ml/well) was added. The cells were

harvested with a Skatron AS semiautomatic cell harvester on

filter paper discs. The rate ofDNA synthesis was measured by
liquid scintillation counting of the air-dried discs in a 1217
Rackbeta liquid scintillation counter. Experiments were

performed in triplicate.

Cytokine production experiments
Washed cloned T cells (1 x 106 or 2 x 106 cells/well) were

stimulated with plastic-immobilized anti-CD3 MoAb (01 Mg/
ml; 0 5 ml/well) in 24-well tissue culture plates with or without
the drug for 24 h at 37°C, 5% CO2. Cell-free culture super-
natants were stored at -20°C.

Interferon-gamma assay
For the determination of interferon-gamma (IFN--y) an ELISA
[18] (kindly provided by Dr P. Van der Meide, Rijswijk, The
Netherlands) was used. Briefly, microtitre plates were coated
with anti-IFN-^y MoAb (MD2) for 3 h at 37°C. The test
samples and rIFN--y standards were incubated overnight at
room temperature. The next day biotinylated anti-IFN-7y

MoAb (MD1) was added, followed by the addition of strepta-
vidin conjugated to horseradish peroxidase (HRP; Zymed,
Sanbio, Uden, The Netherlands). For developing the assay,

orthophenylenediamine (OPD; Sigma, St Louis, MO) in phos-
phate buffer pH 5-6, activated with H202, was used. The
reaction was stopped with 10% H2SO4. All reagents and
samples were diluted in PBS with 0-05% Tween (PBS-T) and
1% new born calf serum (NBCS) and between the incubation
steps plates were washed three times with PBS-T. Optical
densities (OD) were read in a Titertek Multiscan Plus at
492 nm. The sensitivity was 0-2 ng/ml.

Tumour necrosis factor-alpha assay

For the determination of tumour necrosis factor-alpha (TNF-
a) an ELISA [19] (kindly provided by Dr W. Buurman,
Maastricht, The Netherlands) was used. Briefly, immuno-Max-
isorb plates were coated overnight at 4°C with 0-125 tg/well of
the anti-human TNF-ca MoAb 61E71 in PBS. Non-specific
binding was prevented by incubation of the plates for 1 h at
room temperature with bovine serum albumin (BSA; Organon
Teknika, Oss, The Netherlands) 1% (w/v) in PBS. The test
samples and rTNF-a standards were incubated for 2 5 h at
room temperature. Subsequently, the plates were incubated
with a rabbit polyclonal anti-human TNF-c immunoglobulin,
followed by a peroxidase-conjugated goat anti-rabbit IgG.
Next, the plates were washed three times with distilled water
containing 0 1% Tween, and developed with ABTS activated
with H202. The reaction was stopped with 2% oxalate acid.
Reagents and samples were diluted in PBS-0-1% BSA (w/v).
Finally, OD were read at 405 nm, using a Titertek Multiscan
Plus. The sensitivity was 10 pg/ml.

IL-2 assay

IL-2 was determined by an ELISA (Boehringer Mannheim),
according to the manufacturer's description. The sensitivity of
the ELISA was 62 5 pg/ml.

Determination of IL-2 receptor
For determination of IL-2R (CD25) expression flow cytometric
analysis was used. Per sample, 2 x 105 cells were incubated
with anti-Tac MoAb (the hybridoma producing anti-Tac was

obtained from the American Type Culture Collection (ATCC,
Rockville, MD)) for at least 30 min on ice. After two washes
with ice-cold PBS containing 1% (w/v) BSA, cells were incu-
bated with FITC-conjugated goat anti-mouse IgG (Nordic
Immunological Labs, Tilburg, The Netherlands) diluted 1:40
in PBS-1% BSA. Cells were washed twice and analysed on a

FACStar (Becton Dickinson, Mountain View, CA). The
experiment was performed in duplicate on two separate occa-

sions.

Measurement of intracellular free calcium

[Ca2+], was measured as described before [20]. In short, pre-
warmed Jurkat cells (5 min at 37°C, 10 x 106/ml) were resus-

pended in HEPES medium (NaCl (133 mM), KCl (6 mM),
MgSO4 (1 mM), CaCl2 (1 mM), potassium phosphate (1 mM),
glucose (5-5 mM), HEPES (20 mM), and human albumin (0 5%
w/v), pH 7 4) and loaded with 1 /M Indo-1/AM during 45 min
at 37°C. Subsequently, the cells were'washed, resuspended at
10 x 106 cells/ml in the HEPES medium and kept at room
temperature. Fluorescence measurements were performed at
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370C in stirred suspensions after dilution of the cells to 1 x 106/
ml. Calibration of Indo-1 fluorescence as a function of [Ca2+ ]i
was determined as follows: to saturate all trapped Indo-1 with
Ca2+, 5 /M digitonin was added to the cell suspension. Subse-
quently, the Indo-1 signal was quenched by adding 0 5 mm
Mn2+ . [Ca2+]i was calculated as described [21], using 250 nm as
the Kd for the Indo-l/Ca2+ complex.

Viability
Cell viability was determined by trypan blue exclusion and
measurement of lactate dehydrogenase activity and the con-
centration of f2-microglobulin in the supernatant. Lactate
dehydrogenase activity was determined on a BM/Hitachi 747
(Boehringer Mannheim, Almere, The Netherlands) using an
ultraviolet method according to the manufacturer's instruc-
tions. Levels of Q2-microglobulin were determined by IMx 32-
microglobulin assay (Abbott Labs, Santa Clara, CA), which is
a microparticle enzyme immunoassay. The assay was per-
formed according to the manufacturer's instructions. The
sensitivity of the test is 5 pg/l.

Statistical analysis
The effect of the drug was expressed as percentage inhibition,
which is defined as (1 - (effect in the presence of the drug/effect
in the absence of the drug)) x 100%.

Non-parametric tests were used to determine statistically
significant differences.
The correlation coefficient between the effects of the different

doses of minocycline and doxycycline was estimated by means
of the intraclass correlation coefficient. This was calculated
using multivariate analysis of variance (MANOVA) with dose as a
within-subjects factor.

RESULTS

Minocycline inhibits TCR/CD3-induced proliferation in CD4+
and CD8 + synovial T cell clones
In one CD8 + (N17) and two CD4 + (N16, N18) synovial T cell
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clones proliferation was induced with plastic-immobilized anti-
CD3 MoAb in the presence or absence of minocycline.
Minocycline inhibited the proliferation of each T cell clone in
a dose-response manner (Fig. 1).

Cell viability, as measured with trypan blue staining, was
> 80% with all drug concentrations tested. Accordingly, no
significant differences in lactate dehydrogenase release could be
measured in the presence ofminocycline at concentrations of 25
and 50 ,ug/ml. Moreover, the production of the constitutively
expressed protein fl2-microglobulin was measured to investi-
gate the viability of the cells. In unstimulated T cells (1 x 106
cells) the total /32-microglobulin concentration was 85 + 27 ng/
ml (mean ± s.d.). A slight increase in /32-microglobulin produc-
tion to 111 I± 32 ng/ml was observed when T cells were stimu-
lated via the TCR/CD3 complex for 24 h; in the presence of
25 pg/ml minocycline the production of /32-microglobulin,
being 94 + 26 ng/ml, was always more than the amount of
,f2-microglobulin produced by resting T cells.

Since minocycline affected all three clones to the same extent,
we continued our experiments with one representative clone
(N1 8).

Minocycline inhibits TCR/CD3-induced IL-2, IFN--y and TNF-a
production by a CD4+ synovial T cell clone
Stimulation of the CD4+ T cell clone N18 by anti-CD3 MoAb
coated to tissue culture plates induced the production of IL-2,
IFN-y and TNF-a. Minocycline inhibited IL-2 production in a
dose-dependent manner. Minocycline at a concentration of
25 ,g/ml inhibited IL-2 production 26 ± 7 5% (mean +
s.e.m.) (Fig. 2). Minocycline also inhibited IFN--y and TNF-a
production in a dose-response manner. The maximal percen-
tage inhibition was 23 9 ± 3 1% and 21 5 ± 5% for IFN--y and
TNF-a production, respectively, at a concentration of 25 ug/
ml minocycline (Fig. 2).
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Fig. 1. The effect of minocycline on anti-CD3-induced proliferation of
synovial T cell clones (0, N 16; C1, N 17; 0, N18). The symbols reflect
mean ± s.e.m. of at least three experiments. The results are presented as
percentage inhibition of control in the absence of minocycline. The
control ranged from 12 351 to 45 729, from 17 132 to 72 985, and from
10 I 18 to 64 794 ct/min for N16, N17 and N18, respectively.
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Fig. 2. The effect of minocycline on anti-CD3-induced IFN--y and
tumour necrosis factor-alpha (TNF-oz) production by cloned T cells
(N18). Shown are mean + s.e.m. of three., five and six experiments for
IL-2, IFN--y and TNF-a, respectively, in the presence of 25 jg/ml
minocycline. The results are described as percentage inhibition of
induced production in the absence of minocycline. The production of
the individual cytokines ranged from 625 to 7820 pg/ml for IL-2, from
92 to 1197 ng/ml IFN-y, and from 7 to 40 ng/ml for TNF-a.
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Fig. 3. Inhibition of anti-CD3-induced proliferation in cloned T cells
(Ni8) by minocycline could not be restored by the addition of exo-
genous recombinant (r)IL-2. Shown are mean ± s.e.m. of three experi-
ments. The results are described as percentage inhibition of control. The
control ranged from 10 9t)3 to 68 458 and from 16 158 to 56 641 ct min
for 0 and 10 U, ml IL-2, respectively. E and * represent. respectively,
addition of 0 and 10 U ml rIL 2.

MiiocYlie/e inhihits IL-2 revspon)osineness in s1nolial T cell clonles
Next, we determined whether the inhibitory effect of mino-
cycline on T cell proliferation could be bypassed by the addition
of IL-2. The CD4 + T cell clone is known to express IL-2R and
to respond to IL-2 addition by proliferation. However, the
addition of rIL-2 (0 1, 1 or 10 U/ml) did not bypass the
inhibitory effect of minocycline on TCR CD3-induced prolif-
eration in cloned T cells (Fig. 3). In proliferation experiments
in which cloned T cells were stimulated with rIL-2 (20 U ml) in
the absence or presence of minocycline, an inhibition of T cell
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proliferation by minocycline in a dose-dependent manner was
seen (Fig. 4).
To investigate whether inhibition of IL-2 responsiveness was

caused by down-regulation of the expression of the IL-2R c
chain (CD25) by minocycline, cloned synovial T cells were
stimulated with anti-CD3 MoAb in the presence or absence of
minocycline for 24 h and subsequently analysed for IL-2R
expression using anti-Tac MoAb. In the absence of minocycline
86 92% of T cells were positive for IL-2R (mean fluorescence
intensity ranging from 518 to 544) against 86 96% in the
presence of 50 /pg/'ml minocycline (mean fluorescence intensity
ranging from 437 to 542).

Doxvcicline, like ininocYcline, inhiit.s TCR, CD3-induced T cell
prolifeIration at1( IFN-) production
To study whether the effect on T cell activation was a more
general property of tetracyclines, another tetracycline deriva-
tive, i.e. doxycycline, was studied also. Doxycycline and min-
ocycline have corresponding biochemical characteristics with
regard to lipid solubility and chelating capacity.

Both drugs inhibited anti-CD3-induced proliferation in a
concentration-dependent way and to the same extent (MANOVA,
r-= 0 65; P = 0 064) (Fig. Sa). The inhibitory capacity of
doxycycline and minocycline towards TCR/CD3-induced
lIN--, production was similar (MANOVA, r = 0 71; P =

0001) (Fig. 5b). Similar to minocyclin we observed no toxic
effects of doxycycline on T cell functioning in the presence of
the concentrations tested.

The inhiitory c/fe(t oftllinoc(c(lifle 0on prollfc'ratiol is partially
rver sihble
When cloned synovial T cells were preincubated with mino-
cycline at a concentration of 50 or 12 5 pg/ml for 24 h at 37 C,
5°/0 CO,, subsequently harvested, washed, counted, adjusted to
cell number and finally incubated on plates coated with anti-
CD3 MoAb, we also observed inhibition of T cell proliferation.
However, the inhibitory effect of preincubation with 50 or
12 5 pg ml minocycline was less, namely 30% and 19% than
the inhibitory effect of direct incubation with minocycline,
being 76% and 35% (Fig. 6).
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-25 Fig. 5. The effect of doxycycline and minocyclinc on anlti-CD3-
0 10 20 30 40 50 induced proliferation (a) and IFN--1 production (b) by cloned T cells

Minocycline (ig/ml) (N18). The symbols reflect the mean ± s.e.m. values of three and five
separate experiments for proliferation and IFN--t production. respec-

The effect of minocycline on IL-2-induced proliferation in tively. The results are described as percentage inhibition of control. The
IT cells (N18). The symbols represent mean + s.e.m. of three control values for the proliferation ranged from 17 122 to 44 431 ct,min
ments. The results are described as percentage inhibition of and for IFN-^I production from 220 to 1560) ng ml. 0. E. Minocycline;
)1. The control ranged from 44 385 to 75 895 ct min. *0, . doxycycline.
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Fig. 6. The inhibitory effect of minocycline on T cell proliferation was

partially reversible. Cloned T cells (N18) were preincubated with or

without minocycline for 24 h at 37°C, 5% Co2. Afterwards the cells
were harvested, washed, counted, adjusted to cell number, and pro-
liferation was induced with anti-CD3 MoAb (0-1 ,ug/ml). As controls,
cells which had been preincubated without minocycline were incubated
with minocycline. Symbols represent mean ± s.e.m. of four separate
experiments. Results are described as percentage inhibition relative to
proliferation in the absence of minocycline, which ranged from 12 976
to 40 040 ct/min. l. Proliferation experiments in the presence of
minocycline; *, proliferation experiments after preincubation with
minocycline.

Addition of Ca2+ restores the inhibition of TCR/CD3-induced
proliferation by minocycline
Since minocycline is a compound with chelating capacity [22],
we studied whether Ca2+ plays a role in the inhibition ofTCR/
CD3-induced proliferation by minocycline.

Therefore, exogenous Ca2 +, ranging from 1 6 to 9-6 mM, was

added to cloned synovial T cells, stimulated with plastic-
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Fig. 7. Addition of Ca2+ restored the inhibition of anti-CD3-induced
proliferation by minocycline. (a) Ca2 + was added in proliferation
experiments of cloned T cells (N18). (A, Proliferation in medium
without anti-CD3 stimulus; O, proliferation induced with plastic-
immobilized anti-CD3 (0-1 jtg/ml); *, anti-CD3-induced proliferation
in the presence of 25 pg/ml minocycline.) (b) Percentage inhibition by
25 pg/ml minocycline compared with control in the presence of a low
and high concentration of Ca2 + in the culture medium. The results
(mean ± s.e.m.) of four independent proliferation experiments are

demonstrated.

immobilized anti-CD3 MoAb in the absence or presence of
minocycline. The inhibitory effect of minocycline was partially
abolished at low concentrations of Ca2 + in the culture medium
and totally abolished at high concentrations of Ca2+ in the
culture medium (Fig. 7a,b).

Minocycline does not affect TCR/CD3-induced rises in [Ca2+]i
in Jurkat cells
To study whether minocycline affected [Ca2+], mobilization
upon TCR/CD3 triggering, we studied Jurkat T cells, which are

generally used as a model for resting T cells and particularly for
studying [Ca2+]i mobilization [23]. In a series of experiments
(n= 10) on three separate occasions the basal [Ca2+]i of
58 24 nm increased after anti-CD3 stimulation to
222 ± 186 nM, followed by a plateau of 93 26 nm. When
minocycline (25 Mtg/ml) was present in the experiments (n = 9)
the basal [Ca2+]i was 115 31 nm, increased to 222 136 nM,
and was followed by a plateau of 168 ± 75 nM. Minocycline
did not influence the typical [Ca2 + Ji response, but increased the
basal and plateau levels of [Ca2 ]I (P < 0 05).

DISCUSSION

The present study shows that minocycline exerts immunomo-
dulatory effects on human T cells.

Tetracyclines have apart from their immunomodulatory
features, other properties that validate their usage as a treat-
ment modality in RA. For instance, tetracyclines inhibit the
enzyme activity of metalloproteinases [7], including synovial
collagenases [24]. Therefore, cartilage and bone breakdown
may be decreased as a result of treatment with tetracyclines.
Concordantly, prophylactic treatment with oral doxycycline
reduced the severity of canine osteoarthritis [25]. In addition,
tetracyclines inhibit the activity of phospholipase A2 [26],
suppress the function of neutrophils [27,28] and scavenge

oxygen radicals [29], which may result in an anti-inflammatory
effect. Diminishing of joint destruction and inflammation may
have a beneficial effect in RA.

In the literature, tetracyclines have been shown to inhibit the
proliferative response of human T cells in monocyte-dependent,
mitogen-stimulated assay systems [13-16]. Whether or not
minocycline directly affects T cell proliferation per se is difficult
to conclude on the basis of these studies in complex cell
systems, especially since tetracyclines have been reported to
influence monocyte functioning [30]. The present study inves-
tigated the effect of minocycline on T cells selectively and
showed that minocycline affected both TCR/CD3 as well as

IL-2-induced proliferation, which was due to a negative effect
on IL-2 production and on IL-2 responsiveness. Besides an

inhibitory effect on IL-2 production, minocycline also nega-

tively influenced the production of the other early induced
cytokine gene products IFN--y and TNF-a [31]. Similar results
were obtained with peripheral blood T cells, whereas minocy-
cline exerted stimulatory effects on cytokine production by
monocytes (Kloppenburg and Verweij, unpublised observa-
tions). These findings indicate that minocycline affects cell
function in a cell-specific manner.

Since T cell-targeted therapy, including thoracic duct
drainage, total lymph node irradiation, lymphocytapheresis
and cyclosporin A, exerts beneficial effects in RA, compounds
with immunosuppressive properties are generally considered to
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be interesting candidates for treatment in RA. However,
despite the effect of minocycline on T cell function in vitro,
the effect of minocycline treatment in patients with RA was not
very strong [5]. That not all T cell-targeted therapies lead to a
beneficial effect in RA has also been observed in recent work of
our group on the treatment of early RA with CD4 MoAbs in a
placebo-controlled trial [32,33]. Despite a decline in the number
of circulating CD4+ cells and in histological scores for CD3,
CD4, CD45RO, CD45RA, and CD38, no clinical improvement
has been seen.

Tetracyclines are chelators of divalent cations [23], which
may account for several features of tetracyclines. Addition of
divalent cations (Ca2+) in vitro overcomes the inhibition of
metalloproteinase activity [7] and the suppression of neutrophil
functions [29,34] by tetracyclines. In the present study we show
that the inhibitory effect of minocycline on T cell proliferation
could be overcome by addition of Ca2 . The inhibitory effect
was found to be higher in the continued presence of mino-
cycline than after preincubation with the drug. Together, these
findings suggest that the chelating activity of minocycline is
important for the inhibition of T cell proliferation. The chelat-
ing effect of tetracyclines may possibly interfere with T cell
proliferation in two ways. First, tetracylines have been shown
to bind to DNA by calcium bridges [35], which may account for
the inhibition of T cell proliferation. Moreover, in the associa-
tion curve of DNA and tetracyclines an optimum is observed
for the amount of calcium that binds to DNA [35]. Possibly, the
addition of extra calcium changed the composition of the
calcium-tetracycline complexes in such a way that these com-
plexes bound less efficiently to DNA and therefore did not
induce inhibition of T cell proliferation. Second, minocycline
may interfere with early signal transduction, since minocycline
has been shown to negatively influence the early activated genes
upon TCR/CD3 stimulation (Fig. 2). Triggering of the TCR/
CD3 complex results in an increased [Ca2+]i which is obliga-
tory for T cell proliferation [23,36]. The chelating capacity of
minocycline may prevent the increase in [Ca2+]j. However, our
results have demonstrated no inhibitory effect of minocycline
on [Ca2+]i mobilization following anti-CD3-induced T cell
activation, but in contrast have shown an increase in the
value of basal [Ca2 + ]i. On the other hand, these results agree
with an in vitro study in osteoclasts showing a transient eleva-
tion of [Ca2+]i after application of minocycline [37]. Accord-
ingly, T cells from rats, treated orally with minocycline, have
shown an increase in [Ca2 +]i upon concanavalin A stimulation
in vitro compared with T cells from untreated rats [38].

In the present study minocycline has been shown to affect the
IL-2 responsiveness of T cell clones. In the literature mino-
cycline has been reported to inhibit the mitogen-induced up-
regulation of IL-2R in peripheral T cells [16]. Synovial T cell
clones, used in the present study, express IL-2R constitutively,
and minocycline did not down-regulate the expression of these
receptors. Thus, a diminished IL-2R expression can not explain
the observed inhibition of proliferation.

In general, prediction of in vivo potency of drugs on the basis
of in vitro results is limited. Serum concentrations of mino-
cycline after a normal oral dose regimen (initial oral dose of
200 mg followed by 100 mg every 12 h thereafter) ranged from
2 3 to 3 5 Mig/ml [39]. T cell function in vitro was found to be
inhibited at a concentration of 12 5 ,g/ml minocycline or
higher. Since minocycline has a high degree of lipid solubility,

this compound is widely distributed in the body. This results in
tissue concentrations that exceed serum concentrations [40].
Moreover, lipid-soluble tetracyclines have been reported to
accumulate in leucocytes [9,41,42]. In agreement with the
latter are the in vitro studies that demonstrated that lipid-
soluble tetracyclines are more potent inhibitors of mitogen-
induced proliferation than non-lipid-soluble ones [13-16].
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